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cumin could increase the proliferation of subventricular zone 
(SVZ) originated NPCs via a MAP kinase signaling pathway1,23,32).

However, SVZ-NPCs and spinal cord NPCs (SC-NPCs) have 
some differences involving gene expression and proliferation 
characteristics. Liu et al.19) reported different electrophysiological 
properties of mitogen-expansion between adult rat SC-NPCs 
and SVZ-NPCs. Also, Pfenninger et al.27) reported different gene 
expressions and proliferations between adult spinal cord epen-
dymal cells and SVZ originated neural precursor cells.

Therefore, the objectives of this study are to evaluate the effect 
of curcumin on SC-NPC proliferation and to clarify the mecha-
nisms of the MAP kinase signaling pathways in SC-NPCs. 

MATERIALS AND METHODS

NPC cultures
To establish cultures of SC-NPCs, Sprague-Dawley rats weight-

INTRODUCTION

A neural progenitor cell (NPC) has the capability to divide, mi-
grate and differentiate into neurons, and NPC proliferation is an 
important pathway in functional recovery after spinal cord injury 
(SCI)1,2). Cellular and molecular mechanisms have been studied 
to understand NPC proliferation31). Recently, mitogen-activated 
protein (MAP) kinase signaling pathways are among the most 
important mechanisms of NPC proliferation, and extracellular 
signal-regulated kinases (ERKs), p38 kinases and c-Jun NH2-ter-
minal kinases (JNKs) are well known MAP kinases5,8,15,29).

Curcumin (diferuloylmethane) is found in the rhizomes of the 
plant Curcuma longa Linn (tumeric). Traditionally, tumeric has 
been used as a dietary spice and as a treatment of diseases associ-
ated with injury and inflammation9,10). Curcumin has a diverse set 
of biologic effects, including anti-inflammatory and antioxidantef-
fects3,11,12,22). Recently, some studies suggest the possibility that cur-
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with a RIPA buffer (25 mM Tris-Cl pH 7.6, 150 mM NaCl, 1% 
NP-40, 1% sodium deoxycholate, 0.1% SDS) containing a pro-
tease inhibitor cocktail (Roche®, Mannheim, Germany) and 
immediately homogenized. The homogenate was centrifuged at 
13000 rpm for 30 min at 4°C and the supernatants were deter-
mined using the BCA protein assay (Sigma®, St. Louis, MO, 
USA). Proteins were separated by a 10% SDS-PAGE gel and 
transferred to a nitrocellulose membrane. Incubation was in a 
blocking solution of 5% non-fat dry milk in Tris-buffered saline 
containing 0.1% Tween 20 for 1 hr at room temperature. The 
membrane was incubated with a 1 : 1000 dilution of mouse 
monoclonal phospho-ERK, phospho-p38, phospho-JNK (San-
ta Cruz®, CA, USA), β-actin (Sigma®, St. Louis, MO, USA) and 
mouse monoclonal anti-β-actin (Sigma Aldrich®, Saint Louis, 
MO, USA) overnight at 4°C, and then with a horseradish perox-
idase-conjugated secondary antibody for 1 hr at room tempera-
ture. The proteins were detected with chemiluminescence re-
agents. Immune-positive bands used an image J, version 1.46 r, 
computer-assisted image analyzer (National Institutes of Health, 
Bethesda, MD, USA).

Statistical analysis
All statistical comparisons were computed using SPSS 17.0 

(SPSS Inc., Chicago, IL, USA). Data are expressed as mean± 
standard error of the means. Repeated measure analysis of vari-
ance was used to compare groups. Null hypotheses of no differ-
ence were rejected if p-values were less than 0.05.

RESULTS

Curcumin increases the proliferation of SC-NPCs
To study that the effect of curcumin on the proliferation of 

SC-NPCs, SC-NPCs growing in 96-well plates were maintained 
in medium lacking or containing increased concentrations of 
curcumin, and the cell proliferation rate was quantified at dif-
ferent time points. After 48 hours of curcumin treatment, lower 
dosage (0.1, 0.5, 1 μM) of curcumin increased NPC prolifera-
tion, whereas high dosage (≥10 μM) caused a decrease in NPC 
proliferation (Fig. 1). The result shows a few percent improve-
ment compared to each control group.

To evaluate the neurosphere formation, dissociated SC-NPCs 
were diluted in a culture medium and plated into 96-well plate 
dishes and cultured for 48 hrs. The cells were treated with 1 μM 
curcumin for 24 hrs. NPC proliferation and neurosphere for-
mation of the curcumin treated group (Fig. 2A) were increased 
compared to the control group (Fig. 2B). 

The proliferation of NPC via the MAP kinase pathway
We investigated curcumin treatment associated with MAP ki-

nase signaling pathways, especially involving ERK, p38, and JNK 
proteins related to NPC proliferation19,29). Immunoblot analysis 
was used on antibodies against phospho-ERK (p-ERK), phospo-
P38 (p-p38), and phosph-o-JNK (p-JNK), and levels of β-actin 

ing 250 g to 350 g were sacrificed and their spinal cords were ex-
tracted. The spinal cords were chopped using microscissors and 
incubated in a cocktail containing papain (0.1%, Worthington 
Biochemical Corp., Lakewood Township, NJ, USA), dispase 
(0.1%), DNase (0.01%), and MgSO4 (12.4%) in a Hanks balanced 
salt solution with glucose (0.45%) for 30 minutes at 37°C. The 
dissociated cells were cultured to form neurospheres in a neuro-
basal medium containing B-27, glutamin (2 mmol/L), penicillin/
streptomycin (0.1 g/mL), fibroblast growth factor-2 (20 μg/mL), 
and heparin (2 μg/mL). Every 5 days, the neurospheres were dis-
sociated with accutase and NPCs were plated into 96-well plates 
or culture dishes containing culture medium. The NPCs between 
5 and 25 passages were used for the experiments.

NPC proliferation assay
The NPCs were suspended in 100 uL of a neurobasal medium 

containing curcumin and cultured in a 96-well plate. In different 
experiments, various concentrations of curcumin (0.1–50 μmol/
L) were used. A 20-uL cell proliferation assay solution containing 
the tetrazolium compound MTS (3-(4,5-dimethylthiazol-2-yl)-5-
(3-carboxymethoxyphenyl)-2-(4-sulfo-phenyl)-2H-tetrazolium), 
(CellTiter 96 Aqueous One Solution, Promega®, Fitchburg, WI, 
USA) was added to a well containing cultured cells and incubat-
ed for 2.5 hours (hrs) at 37°C. The optical density was measured 
at 490 nm with a microplate spectrophotometer. The same vol-
ume of culture medium with the assay solution was used as a 
blank. The optical density at 490 nm after reaction with MTS 
showed a proportional correlation to the number of cells. To 
study the effect of the duration of curcumin, cells were seeded at 
a density of 1×104 cells in 96-well plates. After 48 hrs, the cells 
were treated with different concentrations of curcumin (0.1, 0.5, 
1, 10, 20, and 50 μM).

MAP kinase signaling pathway analysis
We used an immunoblotting method for evaluating the MAP 

kinase signaling protein. The protein concentration was mixed 

Fig. 1. Curcumin has biphasic effects on SC-NPC proliferation. The SC-
NPC proliferation rate was quantified at different time points. After 48 
hrs of curcumin treatment, lower curcumindosage (0.1, 0.5, 1 μM) in-
creased NPC proliferation. But higher dosage (10, 20, 50 μM) of curcum-
in decreased the NPC proliferation rate. *Significantly increased com-
pared with corresponding value for control group (p<0.05). SC-NPC : 
spinal cord neural progenitor cell.
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mechanism of MAP kinases5,8,15). Our findings are the first study 
to show that SC-NPCs are more relevant to ERK and p38 pro-
tein associated MAP kinases. The ERK protein has been report-
ed to be concerned with cell proliferation, survival and apopto-
sis7), and the p38 protein played a vital role in cellular responses 
to external stress signals like anti-inflammatory reactions6). Anti-

were determined as a control against 
possible protein loading variability. The 
p-ERK protein and p38 protein levels 
show increases depending on curcumin 
dosage (0.5, 1 μM, p<0.05), whereas p-
JNK and β-actin protein levels show 
marginal differences without depending 
on curcumin dosage (Fig. 3).

DISCUSSION

SCI has been thought to be irrevers-
ible and the cause of critical sequela. 
Many studies have reported a desire to minimize secondary in-
jury and increase functional recovery from neurological defi-
cit16,17,21,30). Recently, NPC proliferation after SCI plays an im-
portant role in functional recovery from neurological dys-
function18,26).

This study finds that curcumin stimulates NPCs proliferation 
through a MAP kinase signaling pathway, and especially in-
volves the ERK protein and the p38 protein. Also, the effect is 
biphasic in that low concentrations stimulated cell proliferation, 
while high concentrations inhibited it15,24,28,29). 

Previous studies have documented that curcumin could affect 
proliferation of stem cells through diverse pathways. Kim et al.13)

found that a low concentration of curcumin stimulates prolifera-
tion and stemness acting signals of pre-adipocytes by the phos-
phoinositide 3-kinase pathway, whereas it inactivates p38 kinases 
and JNK protein. Mujoo et al.25) reported that curcumin induces 
differentiation of embryonic stem cells through nitric oxide-cy-
clic signaling. Kim et al.15) documented that curcumin stimulates 
proliferation of embryonic NPCs and neurogenesis in the adult 
hippocampus. The study suggested that a MAP kinase signaling 
pathway is connected to NPC proliferation through ERKs and 
the p38 protein.

In the present study, we investigated the effect of curcumin on 
SC-NPCs and analyzed MAP kinase signaling. According to the 
results, SC-NPC proliferation increased with lower dosage (0.1, 
0.5, 1 μM) of curcumin. But, higher dosage (10, 20, 50 μM) of 
curcumin decreased the NPC proliferation rate. These results 
are comparable with previous studies showing that curcumin 
stimulates NPC proliferation relative to the dosage15,28,29). Con-
sequently, for effective clinical applications, these results suggest 
that proper dosage is important. Therefore, in future studies, we 
expect that setting the appropriate curcumin-dosage with hu-
man cells will be very important.

We found that curcumin affects the proliferation of SC-NPCs, 
and likewise it affects SVZ-NPCs via the MAP kinase signaling 
pathway, as we analyzed MAP kinase proteins in this study. Es-
pecially, the MAP kinase signaling pathway was revealed as an 
important mechanism for most stem cell proliferation. There 
are many different types of MAP kinase and stem cells originat-
ed each organization was founded to have slightly different 

Fig. 2. The images show that different cell proliferation between the control group and curcumin 
treated group. Microscopically, the curcumin treated group (A) had increased cell proliferation and 
neurosphere formation compared with the control group (B).

A B

Fig. 3. Curcumin stimulates proliferation of NPCs via the MAP kinase 
signaling pathway, and ERK and p38 proteins are connected with this 
MAP pathway. A : Immunoblot analysis was used by antibodies against 
phospho-ERK, phospo-p38, phospho-JNK. The phospho-ERK protein 
level increased with curcumin dosage of 0.5, 1 μM and the phospho-
p38 protein level also showedanincrease. But phospho-JNK and β-actin 
protein levels show a marginal difference with curcumin dosage. Levels 
of β-actin were determined as a control against possible protein loading 
variability. B : Phospho-ERK and phospho-p38 protein levels increased 
via curcumin dosage-dependence (p<0.05). *Significant increased pro-
tein level compared with control group. NPC : neural progenitor cell, MAP : 
mitogen-activated protein, ERK : extracellular signal-regulated kinase, 
JNK : c-Jun NH2-terminal kinase.
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injury : laboratory investigation. Neurol Med Chir (Tokyo) 54 : 387-
394, 2014
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genesis in the adult hippocampus. J Biol Chem 283 : 14497-14505, 2008
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neural repair and regeneration after spinal cord injury. Spine (Phila Pa 
1976) 30 (17 Suppl) : S3-S13, 2005

17. Kwon BK, Tetzlaff W, Grauer JN, Beiner J, Vaccaro AR : Pathophysiolo-
gy and pharmacologic treatment of acute spinal cord injury. Spine J 4 : 
451-464, 2004

18. Li J, Lepski G : Cell transplantation for spinal cord injury : a systematic 
review. Biomed Res Int 2013 : 786475, 2013

19. Liu RH, Morassutti DJ, Whittemore SR, Sosnowski JS, Magnuson DS : 
Electrophysiological properties of mitogen-expanded adult rat spinal 
cord and subventricular zone neural precursor cells. Exp Neurol 158 : 
143-154, 1999

20. Liu ZQ, Xing SS, Zhang W : Neuroprotective effect of curcumin on spi-
nal cord in rabbit model with ischemia/reperfusion. J Spinal Cord Med 
36 : 147-152, 2013

21. Lo V, Esquenazi Y, Han MK, Lee K : Critical care management of pa-
tients with acute spinal cord injury. J Neurosurg Sci 57 : 281-292, 2013

22. Lodha R, Bagga A : Traditional Indian systems of medicine. Ann Acad 
Med Singapore 29 : 37-41, 2000

23. McNally SJ, Harrison EM, Ross JA, Garden OJ, Wigmore SJ : Curcumin 
induces heme oxygenase 1 through generation of reactive oxygen spe-
cies, p38 activation and phosphatase inhibition. Int J Mol Med 19 : 165-
172, 2007

24. Ménard C, Hein P, Paquin A, Savelson A, Yang XM, Lederfein D, et al. : 
An essential role for a MEK-C/EBP pathway during growth factor-reg-
ulated cortical neurogenesis. Neuron 36 : 597-610, 2002

25. Mujoo K, Nikonoff LE, Sharin VG, Bryan NS, Kots AY, Murad F : Cur-
cumin induces differentiation of embryonic stem cells through possible 
modulation of nitric oxide-cyclic GMP pathway. Protein Cell 3 : 535-
544, 2012

26. Nakamura M, Okano H : Cell transplantation therapies for spinal cord in-
jury focusing on induced pluripotent stem cells. Cell Res 23 : 70-80, 2013

27. Pfenninger CV, Steinhoff C, Hertwig F, Nuber UA : Prospectively isolat-
ed CD133/CD24-positive ependymal cells from the adult spinal cord 
and lateral ventricle wall differ in their long-term in vitro self-renewal 
and in vivo gene expression. Glia 59 : 68-81, 2011

28. Shehzad A, Lee YS : Molecular mechanisms of curcumin action : signal 
transduction. Biofactors 39 : 27-36, 2013

29. Suh HW, Kang S, Kwon KS : Curcumin attenuates glutamate-induced 
HT22 cell death by suppressing MAP kinase signaling. Mol Cell Bio-
chem 298 : 187-194, 2007

30. Tederko P, Krasuski M, Kiwerski J, Nyka I, Białoszewski D : Repair ther-
apies in spinal cord injuries. Ortop Traumatol Rehabil 11 : 199-208, 
2009

31. Wade A, McKinney A, Phillips JJ : Matrix regulators in neural stem cell 
functions. Biochim Biophys Acta 1840 : 2520-2525, 2014

32. Zhang X, Yin WK, Shi XD, Li Y : Curcumin activates Wnt/β-catenin 
signaling pathway through inhibiting the activity of GSK-3β in APPswe 
transfected SY5Y cells. Eur J Pharm Sci 42 : 540-546, 2011

inflammatory effects might promote the proliferation of NPCs. 
Our finding suggests these effects are relevant to curcumin effect 
NPC proliferation. We consider that this result would be helpful 
to more selective agonists for NPC proliferation.

However, this study has some limitations. First, this study in-
volves only in-vitro experiments. The spinal cord is a complicat-
ed environment, so we need further in-vivo study to evaluate the 
curcumin effect in live tissue. Second, we used rat SC-NPCs in 
this experiment. The rat SC-NPC is different from the human 
SC-NPC, so the proper dosage could be different in humans.

CONCLUSION

This study suggests that curcumin stimulates NPCs prolifera-
tion through a MAP kinase signaling pathway, and especially 
involves the ERK protein and the p38 protein. Also, the effect is 
biphasic in that low concentrations stimulated cell proliferation, 
while high concentrations inhibited it. In future studies, we 
should evaluate the effect of curcumin and MAP kinase signal-
ing in a SCI model.
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